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Abstract
Cell phones and other communication devices have become the primary source of socialization, especially among 
adolescents. The aim of the study was to assess the levels of radiated radiofrequency (RF) power (1788.5 MHz, max. 
30 V/m) around the head of adolescents. The measurements were performed in 2016 at the Department of Medical 
Biophysics of Jessenius Faculty of Medicine in Martin. The sample group consisted of 44 adolescents of Viliam 
Pauliny-Toth, Grammar School in Martin. To measure the performance levels of electromagnetic fields (EMF), we used 
selective radiation meter NARDA SRM 3006 (9 kHz–6 GHz) with the function of a spectrum analyzer. The average 
values of power were recorded in eight positions around the head with six minutes exposure length of each of them. 
Every adolescent filled out a short questionnaire on personal perception of the effects of RF radiation on the body after 
the exposure. The statistical evaluation showed a significant decrease in the intensity of power on the left side of the 
adolescent’s head compared to the right side (p < 0.01–0.001), which confirmed different degrees of absorption by the 
head tissues. The highest level of absorption was measured at temporal area of the head connecting both ears. Short-
term exposure to RF radiation did not cause strong adverse health effects in adolescents, however in a few cases 
tachycardia, drowsiness, headache, fatigue and restlessness appeared. It is necessary to pay more attention to the 
examination of the relationship between exposure to RF EMF and the potential adverse health reactions mainly in 
adolescents.
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Introduction 
Widespread use of radio-communication devices is 
raising concerns on possible adverse effects of radio-
frequency (RF) electromagnetic fields (EMF) on hu-
man health. The highest amount of radiation from cell 
phones is absorbed by the head as most exposed biolo-
gical tissue. However, depth of the penetration of elec-
tromagnetic (EM) energy depends on frequency of 
EMF, tissue permittivity and conductivity of tissue [1]. 
Exposure to RF EMF depends on the morphology of 
biological objects, where induced local fields in the 
brain may be significantly higher in children than in 
adults [2, 3]. Simulations of the EMF layout in head 
phantoms allow using numerical methods to define the 
equivalent of the real environment and compare the 
rate of energy absorption in correlation with age [4, 5].
In our study, we wanted to analyse the level of pene-
tration of RF EMF in different areas of the head by 
experimental procedures. The aim of our study was to 
measure and evaluate the values of RF EMF power 
around the head of adolescents during a short term 
exposition.
Material  and Methods 
In May and June 2016 we conducted measurements 
of power P (dBm or mW) of RF EMF at 8 positions 
around the head in adolescents of Grammar School of 
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Viliam Pauliny-Toth (GVPT) in Martin. Part of the 
measurements was a brief questionnaire monitoring 
subjective health complaints of adolescents imme-
diately performed after measurements.
The sample consisted of 44 adolescent - volunteers, 
from them 23 (52.27%) were women and 21 (47.73%)
men. Each adolescent particitated on the measurements 
just once. The mean age of adolescents was 
(18.4 r 0.4) (mean ± SD) years. Only healthy adoles-
cents took part in the measurements, whose blood 
pressure and body temperature were taken before and 
after the examination. Subsequently, body mass index 
(BMI) was calculated. Also a width and lenght of head 
were taken before examination. Adolescents did not 
consume coffee, tea, energy drinks or any medication 
prior to the measurements. All procedures on human 
subjects were permitted by Ethical Board of Jessenius 
Faculty of Medicine in Martin (JLFUK) Comenius 
University in Bratislava and by the laws of Slovak 
Republic and European Union under permissions cove-
red by APVV project 0189-11 (prof. Jakus). Each ado-
lescent/legal representative provided an informed 
agreement to participate in the study.
Measurements of RF power in areas around the head 
of adolescents were conducted at the Department of 
Medical Biophysics of JLFUK. Adolescents during 
trial took a supine position with the head placed in 
a stable cage. The cage was made of styrodur material 
with the 20 mm walls thickness. The styrodure cage 
contained eight openings for securing receiving 
antenna (RA) in the same possition for ensuring 
repeatabily of the measurement. The power values of 
RF EMF were measured inside the cage by RA at two 
levels on a vertical plane in 4 positions on each side of 
the head (Fig. 1).
Fig. 1: The head of person within the styrodur cage.
(With the consent of adolescent)
Source: Department of Medical Biophysics of JLF Martin.
Electric intensity control measurements inside the 
cage were performed by the Narda NBM550 (Narda, 
Germany) high frequency broadband meter with three 
axis E field probe within frequency range 100 kHz–
3 GHz, which is certified for near field measurements. 
This measuring device was also used for regular 
calibration in prior of each measurement. Thus, the 
average intensity of the applied electric field never 
exceeded value of 30 V/m in the place of head 
exposure inside of styrodure cage. Effective values of 
all measurements were in line with the safety guidlines 
for RF EMF parameters set by International Commis-
sion on Non-Ionizing Radiation Protection (ICNIRP) 
and derived regulations [6–9], that equals to 58.15 V/m 
for given frequency 1788.5 MHz measured at 6-minu-
tes intervals. This frequency is close to the DCS-1800 
standard, however it is not used by any mobile operator 
in Slovak Republic.
The signal generator Agilent N9310A (Agilent, 
USA) was used as a source of RF EMF wave with 
1788.5 MHz frequency. The signal was amplified by 
5 W amplifier model 5S1G4 (Amplifier Research, 
USA) [10] set for constatnt output 2 W. A 10 dB 
directional coupler was used to verify the output power 
to transmitting antenna (TA). This measurement was 
carried out before each measurement by the Selective 
Radiation Meter NARDA SRM3006 (Narda, Germany) 
with function of spectrum analyser. As TA was utilized 
Multi-Band T-Bar (RF Solutions ANT-TBARQB-
SMA, UK) [11] antenna optimized for cellular 
applications on GSM and 3G frequency bands
(824–960 MHz, 1710–1990 MHz, 1900–2200 MHz) 
measuring (104×10×3) mm (l×h×w) with active gain 
+3dBi (Fig. 2A). RA was PCB (printed circuit 
board) triple band (880–960 MHz, 1710–1880 MHz,
1850–1990 MHz) antenna suitable for mobile appli-
cations (Yageo Part No. CAN 4313330109191B, 
Taiwan) measuring 35×6×0.4 mm (l×h×w) with cable 
and connector for mobile applications (SMA), linear 
polarisation and maximum power 1 W (Fig. 2B). The 
power values from RA were recorded in dBm by 
NARDA SRM3006 (SA). Evaluation frequency band 
was set up to 1710.1–1880 MHz and RBW (resolution 
bandwidth) to 10 MHz.
Fig. 2: Transmitting (A) and receiving antenna (B).
TA and RA were placed parallel to main radiation 
lobes directed opposite each other. The orientation of 
the antennas is displayed in Fig. 3.
Basic calibration was done in prior of the trial, while 
the output of the amplifier was directly connected to 
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the input of the SA. As a result was set of attenuation 
coefficients that were inserted into SA as calibration 
constans for the coaxial wires. There were realized 
measurements without the head in the cage for veri-
fication of exposed power by TA and air attenu-ation at 
the distance 220 mm that corresponds the width of the 
cage. All parameters on the spectrum analyser were at 
the beginning automatically checked to ensure precise 
and repeatable measurements. The evaluation of the 
power (P) was done in mW (P [mW] = 10P[dBm]/10). The 
block diagram with the measuring equipments is shown 
on Fig. 4.
Fig. 3: Relative orientation of antennas.
Fig. 4: Block diagram of equipment for measurement
of power RF EMF around the head.
Equipments in the block diagram:
G generator- Agilent N9310A
A amplifier -Amplifier Research 5S1G4
TA transmitting antenna - Multi-Band T- BarGSM 
Quad Band Antenna
H head of the adolescent
RA receiving antenna - Triple Band PCB Antenna
P1–P8 positions of RA
SA spectrum analyser - NARDA SRM 3006
The arrangement of measuring equipments is shown 
in Fig. 5.
Fig. 5: Measuring of RF EMF around the head of an 
adolescent.
Positions P1–P4 were defined on right side of a head 
(Fig. 6). TA was fixed inside the cage on the right side 
between positions P1–P4. P1, P2 were located at the 
top level of the cage, P3, P4 at the lower level. P4 was 
set up at the right ear of the head as a fix point for each 
adolescent. Positions P5–P8 were defined to lie to 
positions P1–P4 on the left side of the styrodur cage: 
P5 at a same level with P1, P6 with P2, P3 with P7 and 
P8 with P4. The distance between corresponding pairs 
was 220 mm. Only the position of the RA was 
changed, the position of the TA was fixed.
Fig. 6: Scheme of the location of the transmitting 
antenna (TA) and a distribution of positions P1–P4 on 
the right side in the  styrodur cage.
Each adolescent immediately after the measurements 
filled out a short questionnaire on possible subjective 
health feelings:
1 - fatigue, 2 - headache, 3 - drowsiness, 4 - exhaus-
tion, 5 - dizziness, 6 - restlessness, 7 - problems with 
concentration, 8 - palpitations, 9 - dexterity problems, 
10 - tachycardia, 11 - disturbed balance, 12 - burning 
eyes, 13 - feeling of warmth in the ear canal, 14 - feel-
ing of heat behind the ear, 15 - chest tightness, 16 - sore 
fingers, 17 - tingling in muscles, 18 - anxiety, 19 - skin 
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problems, 20 - problems with word expression,
21 - knocking sound in the ear, 22 - hyperactivity,
23 - longer reaction time, 24 - noise in the ear,
25 - pain in the whole hand.
Questionnaire included also questions about the 
model of the cell phone currently in use and questions 
regarding the age of first cell phone usage. In a survey 
of subjective discomfort after the exposure to RF 
radiation we used the method of written non-
standardized anonymous questionnaire.
Adolescents were asked to agree or disagree with 
each statement based on a 5-grade Likert scale
(A - agree, B - somewhat agree, C - I can not agree or 
disagree, D - disagree, E - strongly disagree). Replies 
were received from all adolescents (n = 44). A total of 
1100 data was evaluated in absolute (n) and relative 
(%) values.
The data was processed by Microsoft Office Excel 
2010. For testing of dependence between variables we 
used GraphPad Instad with determination of the 
arithmetic mean (x ± SD) and Mann-Whitney paired 
and unpaired tests. We considered p < 0.01 as  
significant.
Results 
We recorded 352 measurements at positions P1–P8 
and 352 control measurements inside the cage without 
the presence of the adolescent´s head.
BMI in men (n = 21) was (21.52 r 1.49) kg.m-2 and 
women (n = 23) was (20.23 r 2.19) kg.m-2. The 
average value of the width of foreface in men was 
(27.19 r 1.99) cm, in women (24.87 r 1.84) cm. The 
average value of the length of  foreface in men was 
(25.1 r 1.34) cm, in women (21.61 r 1.19) cm.
Tab. 1: Basic values of power P, P Min, P max (in mW) 
at positions P1–P8.
Position
(n=352)
P (mW) SD
P Min. 
(mW)
P Max.
(mW)
P1
(n=44) 0.380 ± 0.183 0.092 0.887
P2  
(n=44) 1.262 ±0.511 0.133 2.449
P3
( n=44) 0.244 ±0.256 0.003 0.900
P4 
(n =44) 0.508 ±0.274 0.078 1.086
P5 
(n = 44) 0.006 ±0.005 0.001 0.028
P6 
(n=44) 0.004 ±0.003 0.001 0.019
P7 
(n=44) 0.005 ±0.004 0.001 0.024
P8 
(n=44) 0.003 ±0.002 0.001 0.011
The exposure time of adolescents lasted (49.16 ± 0.4) 
min. The time of individual measurement was
(60.17 ± 0.56) min.
Tab. 1 includes average data at positions P1–P8: the 
mean power values (P r SD) in mW, the minimum 
power value (P Min.), the maximum power value
(P Max.) around the head within a cage (n = 352 - total 
number of all measurements, n = 44 - for each P, 
respectively) in each file.
The difference in absorption of RF EFM by the head 
at different areas was confirmed by a visualization of 
EMF power distribution (Fig. 7).
Fig. 7: Visualisation of distribution of EMF power.
Fig. 8: Comparison of values of power P(mW) of EMF 
at positions P1-P5, P2-P6, P3-P7, P4-P8.
ooo   p < 0,01 comparison with P1 – P5 with head;
xxx    p < 0,01 comparison with P2 – P6 with head;
---     p < 0,01 comparison with P3 – P7 with head;
+++ p < 0,01 comparison with P4 – P8 with head;
***   p < 0,01 comparison without head.
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We revelaed that the highest power passed in the 
position P5 - red color and the lowest in the P8 - blue 
color.
Tab. 2: Average power values at positions P1–P8 in 
men and women.
To compare the power on the right and left side of 
the head in an adolescent at positions P1 – P5, P2 – P6, 
P3 – P7, P4 – P8, we determined the percentage differ-
ences visualized graphically (Fig. 8).
The average power in the area P2 – P6 was 1.5% 
lower than in P1 – P5. The average power in the area 
P3 – P7 was 6.3% higher than in P1 – P5, 7.8% higher 
than in P2 – P6 and 7.6% higher than in P4 – P8. The 
average power in the area P4 – P8 was 1.3% lower than 
in P1 – P5 and 0.2% higher than in P2 – P6.
By evaluation of the power comparison on the
right and left side of the head, we found a difference
(p  0.01–0.001) between power on the right and left 
side of the head at mutually corresponding points
(P1 – P5 - frontal area, P2 – P6 - facial area, P3 – P7
- parietal area, P4 – P8 - temporal area). The highest 
level of RF radiation absorption was measured in the 
horizontal plane of the head - at temporal areas, 
connecting both ears at positions P4 – P8.
Several significant differences occurred when com-
paring the genders. On the right side of head, we 
recorded higher levels of power in men compared with 
women at positions P1, P2, P3. While comparing 
power levels in men and women in specific areas, we 
found differences only at P7, P8 and P4 – 3S
between the right and the left ear. The increased 
absorption of RF EMF was observed at this area in 
women. The comparison of average power values at 
positions P1–P8 in men and women is indicated in 
Tab. 2.
Each adolescent actively used one phone, the average 
specific absorption rate (SAR) of their cell phones was
(0.73 r 0.23) W/kg. The average age of a first use of 
cell phone by the adolescents was (9.1 r 1.5) years. 
The evaluation of results indicated in the questionnaire 
(Tab. 3) showed that the most prevalent symptoms of 
RF EMF were tachycardia (3.14 r 0.26 on a 1–5 scale), 
drowsiness (2.91 r 0.27), headache (2.79 r 0.26), fati-
gue (2.55 r 0.23), restlessness (2.45 r 0.22). Symp-
toms with the lowest abundance were skin problems 
(1.13 r 0.05), tingling in muscles (1.2 r 0.08) and 
problems with word expression (1.22 r 0.06).
Tab. 3: Most frequent answers of adolescenst in 
questionaire (see a text for explanation).
Position
Men Women p 
P 
(mW)
SD
P 
(mW)
SD
P1
0.398 ± 0.186 0.365 ± 0.176 0.53
P2
1.269 ± 0.433 1.256 ± 0.562 0.73
P3
0.257 ± 0.261 0.232 ± 0.244 0.93
P4
0.478 ± 0.233 0.536 ± 0.298 0.63
P5
0.006 ± 0.007 0.006 ± 0.004 0.24
P6
0.004 ± 0.004 0.004 ± 0.002 0.78
P7
0.004 ± 0.004 0.006 ± 0.005 0.02
P8
0.002 ± 0.002 0.004 ± 0.003 0.04
P1-P5
-98% ± 2% -98% ± 1% 0.23
P2-P6
-100% ± 1% -100% ± 0% 0.54
P3-P7
-91% ± 21% -92% ± 13% 0.16
P4-P8 -99% ± 0% -99% ± 1% 0.05
EVALUATING SCALE
EFFECT A B C D E
1 11 3 4 7 19
2 1 13 15 6 9
3 3 12 11 4 14
4 1 9 9 8 17
5 8 7 6 8 15
6 4 8 7 11 14
7 4 4 11 9 16
8 1 8 7 6 22
9 0 8 4 7 25
10 7 7 16 13 1
11 3 3 2 10 26
12 0 3 2 9 30
13 0 5 6 4 29
14 0 5 1 5 33
15 0 5 13 11 15
16 0 2 9 1 32
17 3 1 4 15 21
18 1 0 8 4 31
19 1 1 1 0 41
20 0 1 3 6 34
21 0 0 2 2 40
22 0 0 3 4 37
23 2 0 14 10 18
24 0 0 2 5 37
25 0 0 22 12 10
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Symptoms with options A (25%) were reported by 
the adolescents regarded feelings of fatigue, the options 
B (29.55%) accounted for headache, the options C 
(50%) accounted for pain in the hand of adolescents, 
the options D (34.09%) accounted for chest pain in 
adolescents, and the options E (93.18%) accounted for 
tingling in muscles.
Discussion 
The results of our study showed that the levels of  
power of RF EMF with 1788.5 MHz frequency at 
positions P1 – P4 and P5 – P8 significantly differs at 
the right and left side of a head. Our findings support 
a hypothesis that various areas of the head with 
different bulk of a head tissue may have different 
absorbency for RF EMF radiation. However, when 
addressing the monitoring of EMF power and level of 
absorption one must consider the refraction and 
interference of EM waves in an environment. We 
found significant difference in power between P4 – P8 
points at  temporal areas between the right and left ear 
both in men and women. This indicates a linear rela-
tionship between the absorption and a bulk of head 
tissue including the brain, skull bones, fat and muscles. 
However, some differences could be caused also due to 
head geometry in men and women, with a different 
volume and density of the hairs, and even by an usage 
of metalic hair products in women.
Pinosova et al. [1] describes the distribution of 
energy of EMF of cell phones in the tissue of a human 
head using 3CAD model SAM Phantom XB 030. The 
most irradiated parts of the head are within the close 
proximitty (above the ear, behind the ear) on the side 
where the cell phone is used, which is consistent with 
our findings. The spread of SAR and dependance on 
the frequency of the EMF and the location of the 
antenna has been shown in other research study [4] on 
a human head phantom.
From a topography map of EMF distribution is 
clearly visible that the highest decrease of RF EMF 
radiation occurred at the position P8, defining area of 
the left ear. The significant drop in power was also 
found at positions P2 – P6 (in facial area above the 
ears). Thus, the area with the highest absorption of the 
EM radiation is supported by the lowest power 
measured at position P8. Therefore, it is reasonable to 
suppose that a magnitude of absorption depends on 
a size and mass of the brain tissue, throughout the 
radiation passes.
Biological tissue of a human head forming the layer 
structure of a skin, fat, skull and brain can be consi-
dered as a lossy dielectric material, where the perme-
DELOLW\ȝ ȝȠ and the conductivity is dependent on the 
properties of the tissue and the frequency of the signal. 
The depth to which radio waves penetrate the exposure
can be used to present the thermal effect of the RF 
signal within biological tissues of the head at frequency 
1800 MHz. The diversity of the exposure within tissues 
of the head region in children and adults is of particular 
importance for the interpretation of the biological 
effects of RF EMF.
The influence of variability and morphology on the 
RF absorption has been shown in several scientific 
studies using simulation with models of heads [2,4,12].
Wiart et al. [5] compared the distribution of SAR in the 
brain using models of heads in the age range 5–15 
years and six adult head models developed in various 
international laboratories. They proved that in 1g of 
peripheral brain tissue at models of children aged 5–8
years, the percentage of RF absorption is approxi-
mately two times higher than in adult models. Due to 
the thinner pinna, skin and skull in children there is 
a smaller distance between the peripheral brain tissue 
and the source of RF EMF and therefore there is higher 
exposure induction in tissues of children.
Other factors in our work which we believe may 
contribute to the mechanism of energy absorption 
include the nature of the radiating antenna, its distance 
from the interacting peripheral tissue and the reflection 
of the waves in environment. The effect of the distance 
between a human head and the internal antenna of 
a mobile device on SAR values has been studied by 
Hossain et al. [13]. The results show that by increasing 
the distance from the head SAR is reduced, however 
increase in the angle between the head and antenna 
does not reduce the SAR. Absorption of radiation 
analysed by SAR values in correlation with the 
location of the cell phone directly on a side of the head 
compared with a tilted cell phone (900 MHz, 
1800 MHz) with relation to the head (15° and 30°) was 
investigated by Iqbal-Faruque et al. [14] using simu-
lation technique. There are significant differences in 
SAR in both of the inclined planes and in relation to 
the antenna used as a source of EM emissions - higher 
conductivity results in a higher induced tension and the 
induced current and thus the greater absorption of EM 
energy head. SAR values at a 15° angle were higher. 
The highest absorption of radiation is in the head area, 
mainly around the frontal lobe of brain, which is the 
common location of a cell phone in speaking mode. 
This is consistent with the conclusions of our study. 
While the brain is one of the conductive parts of the 
body, this area is more sensitive to radiation.
Distribution of the rate of RF energy into the head is 
determined by length of exposure and ways of cell 
phone use – is repeatedly in close proximity ipsilateral 
to the ear while speaking mode. Our findings confirm 
the significant rate of RF absorption in the 
coresponding temporal area of adolescents. Scientific 
findings of connections between health consequences 
associated with peripheral auditory system and audi-
tory function and exposure to EMF of cell phones vary 
[15,16]. A causal relationship between auditory symp-
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toms (tinnitus, audio frequency distortion, warmth or 
pressure in the ear) and short-term exposure to cell 
phone was confirmed by Medeiros and Sanchez [17].
There are also technical factors that should be taken 
into consideration within our target group e.g. the 
source of signal (natural - from the base transceiver 
stations or a cell phone or artificial - from a generator, 
as being used in this study), intensity of radiation, time 
of exposure, distance from a source, polarisation, 
modulation, etc. Also the biological factors must be 
taken into account like unfinished biological growth in 
adolescents, the possible cumulative effect of RF EMF 
on autonomic nerve system [18], changes in a sugar 
metabolism [19], syndrom of EM intolerance, first time 
use of cell phones in children. E.g. while the use in 
2008 was 12.5 years, in 2010 an average age decreased 
to 10 years and in 2013 even to 8.4 years [20]. Age for 
a first active use of cell phone in our adolescents was 
(9.1 r 1.5) years. Our adolescents used cell phones 
with a SAR value lower than is limited by the Euro-
pean standard ENV 50166-2 [21]. A prerequisite for 
the implementation of research projects focusing on 
young people is a permanent monitoring of their habits 
in use of mobile devices and the evaluation of EMF 
characteristics under specific real conditions [22–25].
The adolescent´s adverse health reactions following 
short time exposure to RF EMF in our study were
rare. However, symptoms like tachycardia, drowsiness, 
headache, fatigue, problems with concentration some-
times appeared. Hence our findings are in a line with 
reports of several other studies [26–28].
The current level of knowledge on effects of RF 
EMF radiation on a health of children and adolescents 
is still not sufficient. Further research should focus 
mainly on relationships between a long-term exposure 
of low intensity of natural RF EMF (from the base
stations, cell phones and WiFi routers) and the health 
conditions. Based on the INTERPHONE study RF EM 
radiation from the cell phone was classified as a possi-
ble carcinogen (Group 2B) in humans [29]. Until clear 
scientific proofs on possible harmful effects of RF 
EMF on human health, it is necessary to protect the
health of children and adolescents [30, 31], by contin-
uous monitoring of the effects of RF EMF sources 
performed by dosimetric measurements on human 
volunteers.
Conclusion 
The aim of this study was to find power distribution 
of RF EMF in vicinity of the head of adolescents while
they were exposed to a short - term frequency of 
1788.5 MHz generated by a signal generator. We also 
look for subjective health complaints of adolescents 
following the exposure. We found different absorption 
of RF energy at different head areas, based on “a size“ 
principle. The most significant decrease in RF power 
was observed at a temporal areas between the right and 
left ear. The subjective adverse health reactions of 
adolescents on short-term radiofrequency exposure 
were rare. However, occasionally symptoms like tachy-
cardia, drowsiness, headache, fatigue, problems with 
concentration had appeared. Our study may support 
and protect the health of children and adolescents and 
eliminate the potential health risks.
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